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A PRELIMINARY STUDY OF THE MORPHOLOGICAL 
CHANGES IN CELLS DUE TO CANCER 
INTRODUCTION 
This study was primarily concerned with a comparison of cancer 
tissue with normal tissue. All cells have a characteristic structure 
with variation in different tissues to enable them to perform differ ent 
functions. Aside from these variations, major differences are present 
in relation of cells to each other and within the individual cell to 
allow certain masses of cells to be a carcinoma, and other masses to 
remain normal. Malignant tumors, if left untreated, always kill no 
matter where they occur. 
This study was made of cancerous and normal tissue obtained 
from post-mortems. The tissues were prepared and studied by t he author 
and comparisons were made. Because of the difficulty of obtaining 
human cancerous tissue in any quantities and of gr ades of malignancy 
other than grade 4, which was easily obtained because it usually re-
sults in death, the author made a comparison of only that grade to 
normal tissue. Other studies consisted of an examination of liter ature 
published by the National Cancer Research Society and other appropriate 
literature. The investigation was concentrated on the morphological 
changes in cells but some study on growth and differentiation was made 
in order to better understand the morphological changes due to cancer. 
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GROWTH 
Growth is one of the most fundamental of all biological phenomona. 
It is not usually brought about as much by the increase in the size of 
the cells as by the multiplication of cells. There is little difference 
in the size of the cells of a horse and cells of a dog; the difference 
then is one of number. In many species of animals, the power of multi-
plication of cells is strictly limited. Once this limit is reached the 
growth of the animal ceases. It is this limited power of multiplication 
that determines the size of the animal, so that all members of one species 
are of about the same size no matter how external conditions may vary. 
Boyd (1952) stated that only the fishes offer exception to this rule, far 
the members of a species, such as trout may greatly increase in size 
when placed in a more suitable environment than in the one in which they 
reached their apparent size. Smith (1932) thought that all molecules of 
the inorganic world are waiting to be delivered from the bonds of death 
and theoretically the whole inorganic substances of the material world 
might be converted into living substances by the substance already living. 
A second developmental process is differentiation of cells. Boyd 
(1952) thought that a profound biological principle is that growth and 
differentiation are mutually antagonistic arrl if cells are not compelled 
by their environment to differentiate they will grow, feed, and multiply 
without doing any physiological work. This is demonstratable in the 
somites at the posterior end of a Lumbricus terrestris Linnaeus. These 
cells resemble meristematic tissue in a plant, undifferentiated and 
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functional only insofar as growth is concerned. Boyd (1952) thou ht 
that when these cells started to differentiate they also start d to 
lose their power for reproduction. Robbins and Weier (1950 ) thought 
that meristematic tissue was present in a plant until the plant died, 
and remained undifferentiated until the plant needed it for growth or 
repair. It follows then, that the more highly different ' ated ace 1 
becomes, the more does it lose its power f or reproduction , and t here-
fore its ability to give rise to tumor formation . Boyd (1952 ) thoueht 
that this was apparent in the case of the highly differentiated cells 
of striated muscle, of nervous tissue, of blood, and others . oyd 
(1952) discovered that cancer cells fail to differentiate; ins t ead, 
they continue to grow or, possibly, they did differentiate f or a 
certain length of time and then reversed their progr ession ar:rl bec ame 
individualistic, undifferentiated and non-functional. Smith (1932 ) 
thought that cancer cells did not follow the normal progression of 
growth, reproduction, differentiation, and function. He regarded the 
normal progression as that of a gr eat army -- each member in st ep and 
doing his part in a comparatively easy, slow, and prescribed manner . 
Cancer cells do not keep in step , nor do they follow the slow procession, 
but they move fast and in an i ndividualistic manner. 
Harrison (1907) was the first to accomplish one of the moot 
remarkable feats in modern biology when he succeeded in cultivating 
the cells on an animal body under artificial conditions . Boyd (1934) 
thought that it seemed that the cells of a dead body were made to li 0 , 
mult iply and grow indefinitely. He thought that the conditions for the 
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study of growth were greatly simplified by this method, but it must 
be realized thatilhis simplification was highly artificial, and the 
conditions were entirely different from those which governed growth 
when the cells were in their natural environment. Carrel and Ebeling 
(1926) found that a malignant tumor of connective tissue was not distin-
guishable from normal connective .tissue in an artificial culture, for 
both were made to grow indefinitely, but when they were planted again 
in the body the difference at once became apparent. The influence of 
environment was all important but, at the same time, the method of 
simplification has yielded interesting and valuable information in 
the study of growth. 
Boyd (1952) thought that a perfect dissociation of growth from 
differentiation existed in tissue culture, and the cells merely pro-
liferated. A culture of fibroblast from the embryonic heart of a chick 
was started in 1911 at the Rockefeller Institute and it is still growing 
at the same rate at which it started; and it w.i..11 probably continue to 
grow and multiply as long as fresh blood is provided. This tissue has 
long outdistanced the possible span of life of the animal from which it 
was taken. It does not grow old and it would seem as though a mortal 
cell h~ taken on immortality. It would appear, therefore, that 
senescence is dependent on environment rather than on the cell itself. 
In spite of the fundamental differences between growth in the 
body and growth in an artificial culture, some of the basic properties 
of cells have been studied by this method. Carrel (1926) found that 
fibroblasts never grew as isolated units, but maintained intimate 
contact with each other to form a dense tissue, and would not 
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proliferate if separated from their neighbors. Macrophages, however,_ 
lived as independent units and died if they congregated ~n dense masses. 
Carrel and Ebeling (1926) found by this method ·0f tissue culture that 
the monocytes of the blood and the macrophages of the tissue were merely 
variations of a single type of cell. When both were cultivated they 
assumed an identical appearance. Macrophages could feed on blood serum, 
but died in embroyonic juice. Fibroblasts thrived on embryonic juice, 
but stopped multiplying in blood serum unless they were supplied 'With 
growth-stimulating substances. These substances, called trephones 
(Carrel, 1926) were present in embryonic juice, and also in spleen, 
leucocytes, and inflamed tissue. When cultures of fibroblasts and 
splenic tissue were placed a short distance apart in a medium contain-
ing no embryonic juice, the fibroblasts failed to grow until the 
lymphocytes from the spleen reached them; then they grew readily. 
As might be expected, embryonic tissue grew readily in artificial 
culture, but adult tissue only with difficulty. Boyd (1934) found 
that tissues varied greatly in their power to grow in culture. The 
fibroblasts grew most readily, and were the only cells which showed 
evidence of immortality. When a culture was made of embryonic heart 
it was the fibroblasts which grew; the muscle cells died. In this 
way, pure cultu.t'es were obtained. Carrel and Ebeling (1926) found 
that cultivation of the cells of the blood gave a pure culture of 
monocytes. Epithelium grew well for a time, but after some months it 
degenerated and died. Strangewa.,vs (1924) succeeded in making a long 
bone, such as the femur or tibia, from a chick embryo grow in length, 





The influence of enviroIJD1ent even in tissue culture was well 
illustrated by the work of D'rew (1923). Pure cultures of tissue such 
as renal epitheliwn or renal connective tissue were obtained by placing 
a minute globule of mercury over a separate clump of the desired cells, 
subjecting the culture to the lethal effect of ultra-violet light, and 
then cultivating the ti~sue protected by the mercury. The renal epithelium 
grew in an undifferentiated sheet until the correct amount of connective 
tissue was added, then definite kidney tubules were formed. By providing 
the necessary stroma heart muscles were made to pulsate in a tissue culture, 
and the mammary epithelium from a pregnant animal was made to produce fat 
· droplets which made the medium milky. It is evident from such experiments 
that a tissue culture is, in a sense, a ''partial organism," in which the 
different parts are in some way coordinated. It is impossible to grow a 
single cell except an ovum which is the only isolated cell capable of 
independent growth. Even in tissue culture, therefore, cells are 
members of a tissue except in the case of the cells of a malignant 
tumor. 
INDUCTION OF CANCER IN LABORATORY .ANII'1ALS 
Cancer has been induced in the laboratory animals in various 
ways. The earliest methods were to paint the skin with chloroform or 
benzene solutions of tar (Cramer, 1943) or tar minus the water soluble 
toxic substances, which are not carcinogenic. For a long time it was 
believed that continuous application and frequent exposure was necessary 
for cancer development. Various tests by Cramer and Stowell (1934) 
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disproved this belief. With the advent of the fluoroscope and improved 
chemical methods, they found that one application of methylcholanthrene, 
which induces cancer 100% of the time, elicits a fluorescence which dis-
appears from the skin in from 6 to 14 days. Fiester (1938) believed 
that the frequency of tumor formation provides the best index available 
for estimating the relative activity of chemical carcinogens. When 
cancer is induced in 100% of the cases tbe length of the latent ~-
period is a reciprocal measure of the carcinogenic activity of the 
substance. 
Cramer and Stowell (1934) found that one application of methyl-
cholanthrene damaged the epithelial cells, hair follicles and sebace-
ous glands. The hairs fell out and the sebaceous glands disappeared 
completely. There followed a period in which the process of regenera-
tion was completed rapidly in the epithelial cells but very slowly in 
the sebaceous glands. This biological effect was accompanied by an 
immediate change in the chemical composition af the epidermis that 
persisted for many weeks, and the cells in the area lived in a changed 
environment. The cells proliferated over a period of several weeks 
to form a massive hyperplasia histologically resembling a pre-cancerous 
condition and, in some animals, proceeded into cancer in three or four 
months. The concept of a direct stilnulating effect of the carcinogen 
on the epithelial cells is not compatible with the fact that carcinogens 
do not persist in the skin for longer than two weeks. The facts suggest 
rather that the progressive epithelial proliferation is an indirect 
effect that sets in as a reaction to the damage produced by the 
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carcinogen and that it may conceivably be due to a new chemical sub-
stance farmed in the skin. 
If a new chemical substance were formed in the skin, then longer 
intervals between applications would be desirable to permit the epi-
thelial proliferation to run its course before a second application of 
the carcinogen was made. In tests made by Cramer and Stowell (1934) 
it was found that discontinuous exposure and reduced dosage induced 
cancer in 100% of the cases. It was also found that exposure of 
large areas to minimal doses often produces cancer restricted to small 
areas which indicated that a high susceptibility to skin cancer is not 
necessarily extended over whole areas of skin~ 
Steiner (1943) found carcinogenic factors present in both 
cancerous and non-cancerous persons with almost equal frequency. If 
the carcinogenic factor was found, it was not necessarily related to 
any special site of tumor nor to any special type of tumor. Of un-
usual interest was the fact that 4 out of 14 active carcinogenic 
extracts were from persons whose major disease was r elated to the 
endocrine glands concerned with steroid hormones. This condition 
probably existed in the laboratory animals used and explains the 
reason wby some animals are highly susceptible and others must have 
repeated carcinogenic exposures before cancer is induced. 
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MORPHOLOGICAL CHANGES IN CELLS 
Structure of Normal Cells 
Nearly all cells consist of a nueleus surrounded by cytoplasm. 
Although the nucleus and cytoplasm have somewhat different chemical 
composition, the underlying structure of both is the same protoplasm. 
The exact constitution of protoplasm is not lrnown. Maximow and Bloom 
(1948) stated that early writers held many theories as to its structure, 
based mainly on its appearance in fixed material • .Among these, the more 
important theories were the reticular, the fibrillar, the granular, and 
the alveolar. These theories were erroneously postulated from the 
apparent distribution of protoplasm in threads or granules or bubbles 
which was due primarily to the coagulation of proteins by different 
fixatives. However, under the microscope living protoplasm presents 
the appearance of an optically clear, continuous substance in which 
certain visible particles are embedded. These are in no sense con-
stituents of the living substance but rather the products of cell 
activity. Bensley (1934) thought that an exception to this are 
mitochondria which may be regarded as organoids of the cell. 
Protoplasm is a complex colloidal system surrounded by an in-
visible surface membrane that is selectively permeable. It acts in 
an unknown fashion to permit the accunmlation within the cell of some 
solutes and not others. Davson and Danielli (1943) determined by 
microdissection that the cell membrance was somewhat resistant and 
slightly elastic and that when it was destroyed at one pojnt on a cell, 
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a new membrane was soon formed from the cytoplasm. Between the nucl~us 
and the cytoplasm is another membrane called the nuclear membrane. It 
has also been determined by the same authority that the nuclear membrane 
is cpite tough and slightly elastic and when it was punctured the nu-
clear content may run out although nuclei usually sets as a very viscous 
gel when injured. 
The nucleus of the cell is usually a globular or ovoid structure . 
It is slightly denser in the living cell than the surrounding cytoplasm 
from which it is sharply delimited by the many lines and clumps of 
chromatin granules suspended on a linin network which are somewhat 
greyer than the rest of the nucleus. Sometimes a distinct body, the 
nucleolus, can be seen -within the nucleus. The rest of the space with-
in the nucleus is filled with a nuclear juice. 
The cytoplasm contains microscopic organoids and inclusions. 
The organoids are present in practically all cells and are probably 
endowed with the ability to divide and to continually perpetuate 
themselves. Kinsely (1936) thought these to be specialized particles 
of living substance in contrast to the inclusions which are lifeless 
temporary constituents of the cell. The organoids include the mito-
chondria, the Golgi apparatus, the centrioles and the fibrils. The 
inclusions are usually accumulations of proteins, fats, carbohydrates, 
pigments, secretory granules, chromophilic substance, and crystals. 
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Structure of Cancerous Cells 
It is easy to divide tumors into two great classes, one the 
innocent, simple 0r benign,. and the other malignant. All malignant 
tumors are included under the common heading of cancer, meaning a 
crab, from the claw-like processes which characterize these growths . 
Often difficulty is exparienced when the typical center of the group 
is left and the definite margins are approached. An innocent tumor 
encases itself in a sheath of tissue and growth is normally confined 
to the cells within this sheath. However, Boyd (1952) stated t hat an 
innocent tumor occasionally converts itself into a malignant one, as 
a paP.i:Uloma of the colon often becomes a carcinoma, a fibroadenoma of 
the breast becomes a sarcoma, and a pigmented mole becomes a melanoma. 
Cramer and Stowell .(1943) stated t hat a malignant tumor, if un-
treated, will kill the patient wherever it grows, even on the hand or 
foot, because it infiltrates the surrounding tissue. An innocent 
tumor will only cause ~eath if it grows in a vital organ. However, 
if an innocent tumor grows· in a site other than a vital organ, and 
is left untreated it ~11 grow by expansion to gigantic proportions 
that it will possibly also cause death. A malignant tumor may 
recur after removal because some of the original growth had not been 
removed. The cells may lie dormant and years later start to grow 
again or a fresh development of cancer cells at the original site 
may arise from cells that were not at first cancerous but became 
so due to presistence of the original cause. 
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Mitotic figures are characteristic of any rapid growth and tJJ.e 
more rapid the growth the more mitotic figures can be seen. However, 
mitotic figures seen in ordinary sections of cancerous tissues are 
not like those seen in normal tissue. (Fig. 1.) This orderly mitosis 
is not typical of the cancer cell. Fidler (1935) stated that when the 
nucleus of a tumor cell is represented by a dark mass of chromatin, the 
cell is probably undergoing mitotic division. (Fig. 2) If the chromatin 
is collected as a bar across the center of the cell or in two separate 
masses, one at each pole, the probability becomes a certainty. These 
dark masses however, must not be mistaken for chromosomes as we know 
them in a normal cell. There is no thickening of the spireme thread 
and no arrangement on the equatorial plane and no splitting longitud-
inaly but rather a chance gathering of all the granulated chromatin 
material at or near the center of the cell and a chance separation 
with about one half of the granules migrating to each of the attrac-
tion spheres. Usually there is no attempt for the chromatin granules 
to form themselves into a well-defined nucleus wit h a nuclear membrane. 
A malignant tumor fails to repreduce the structure of the tissue 
from which it grows. MacCarty (1929) thought that the greater this 
failure the more undifferentiated or anaplastic the tumor and the 
more malignant is its nature. Boyd (1952) stated that when the cells 
failed to show a normal relationship to their neighbors they have a 
loss of polarity. In deciding that all important question of the 
degree of malignancy of a tumor, Boyd (1952) stated it was necessary 
to consider not only the arrangement of the cells, but also the 
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character of the cells, especially their nucleus and nucleolus . The _ 
most vital function of a cell, the reproduction of its proteins, is 
regulated by the nucleus, and in particular by the nucleoproteins of 
the nucleus. Martland (1931) thought that since ultra-violet 
spectroscopy showed that there was an intense activity in this 
mechanism in cancer cells it seemed probable that the increased rate 
of cell division in cancer associated with abnormal chromosome be-
havior ma;y be explained in terms of disturbed nucleic acid metabolism. 
Irradiation interfers with this mechanism and often leads to the death 
of the cancer cell. 
The mali gnant nucleus is large, byperchromatic, with a coarse 
network, varies much in shape, and is generally eccentric with the 
inorganic content much higher than that of normal cells (Scott, 1932) 
(Fig. 3). This however is not alwa;ys true, particularly of the 
Rous Carcoma cells cultivated in a tissue culture. Tenenbaum and 
Daljanski (1943) reported that the structure of t he nucleus in these 
cells often resembled that of the normal fibroblast nucleus. It 
must be remembered that these cells were undifferentiated cells awa;y 
from their normal environment. As soon as they were transplanted into 
their normal environment, the difference became evident immediately. 
In some cells the nucleoplasm became finely granulated, or it became 
reticular and chromatin material was distributed throughout the nucleus 
as fine dust-like particles (Fig. 4). In other cells the chromatin 
material was aggregated in several clumps and the nucleoplasn appeared 
almost homogenous (Fig. 5). In still others the chromatin material 
became coarsely granulated and the nucleoplasm became particulate and 
together they took on a precipitated appearance (Fig. 6). Very often 
the nucleus becarre granulated and formed a narrow band with the nucleo-
plasm either dispersed within this band or as vacuoles filled with 
this particulate matter (Fig. 7). 
Apart from these changes, processes taking place in the nucleo-
plasm frequently lead to the formation of structures of vastly differ-
ent aspects. Many nuclei contain round or ovoid, sharply outlined 
inclusions which are usually eccentrically placed. These bodies may 
be uniform and homogem.eOlS in some cells, vacuolated in others, and 
often contained denser and lighter areas which were usually less dense 
than the nucleoli (Fig. ~). Sometimes sharply outlined vesicules may 
appear within the nucleus which are either empty ar filled with well 
formed inclusions (Fig. 9). 
The most important single feature in the cells of a malignant 
tumor, as emphasized by MacCarty (1929), is the nucleolus . It is 
much larger in proportion to the nucleus than in a normal cell or 
in the cells of a benign tumor and it is surrounded by a clear halo. 
(Fig. 10). It may be round, oval, or rod-like in shape, or it mczy-
be broken up and dispersed throughout the cell. The nucleolus may 
also be vaculat~d giving it an alVteolar appearance (Fig. 11), in 
which case it stained very irregularly. Its position in the nucleus 
is also varied. Sorootimes it cppeared as one of the vacuoles within 
the nucleus band that stained about the same color if the vacuoles 
were filled with nucleoplasm, but if the vacuoles were clear it was 
easily detected. At times it takes on an appearance of a signet 
ring, being pushed to one side of the nucleus band (Fig. 12). 
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The cytoplasm usually exhibited some very outstanding changes. 
There was a definite marking off of the central region of the cell 
from the remaining cytoplasm. The segregation of this central zone 
of the cell was a process of development that took place rather slowly 
during too succeeding grades of malignancy (Copeland, 1946). The 
cytoplasm was dispersed throughout in the first stages with a slight 
congregating of the organoids and inclusions at the cell center or 
some place near the nucleus. In the primary stages the cytoplasm was 
oxinophilic, however, in advanced s tages its tinctorial characteristics 
became rather indefinite md it stained diff'.er~ntly with various stains. 
As a result of the segregation process, the malignant cell 
cytoplasm often appeared to be built of two clearly disti nct zones, 
a central area and peripheral cytoplasm. The central area may be aggre-
gated in an ovoid body near the nuclear band or it may asswne a position 
around the nuclear band, separated from it only by a dark well delineated, 
thick nuclear membrane. The peripheral zone often exhi bited many 
pecularities. In some cells it was perfectly transparent or very 
faintly stained. In others it contained a homogeneous ground sub-
stance and often contained strongly basophilic granules and thread-
like structures. The granules were usually uniform in size. The 
threads were short and coarse or delicate an::l branching , often faming 
a close network (Fig. 13). 
The marking off of the peripheral zone from the central zone 
was most frequent in round cells. It was very seldom formed in spindle 
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cells, but it was cp.ite coITDnon in transitional forms. The peripher~ 
zone of the cytoplasm, if found in a spindle cell, was always devoid 
of pseudopodia. Tenenbaum and Daljanski (1943) reported that the 
cytoplasm of round cells in tissue culture was motile. They possessed 
the characteristics of a wide membrane constantly changing in outline, 
but its vigorous movement never led to significant displacement of the 
cell. Of all the abnormal characteristics c£ cytoplasm in malignant 
cells the most unusual aspect was that of pseudopodia formation. The 
cytoplasm often sent out coarse rigid rods that moved in all directions 
with their base as a point. The distal ends sometimes swelled and 
became spherical. These protoplasmic masses seeDEd to float on their 
flexible stems, often became detached and retained their motility for 
sorre time. Sueh protoplasmic masses are corrrrnon in old cultures but 
they are always devoid of any· nuclear material . (Fig. 14). These 
protoplasmic masses found in tissue culture are probably comparable to 
the macy bodies found in fixed sections that are indescribable as cells. 
There are several outstanding changes in cancerous cells. Aside 
from the histology of tre cancerous cell the most interesting feature 
was the size of the cells. Allard (1952) found that the mitochondrial 
population almost doubled in mammalian cancerous cells. This probably 
accounted for some of the abundance of dark staimd material around 
the spheroidal nucleus. Another feature of the cancerous cells was 
their viscosity. Guyer and Clause (1942) found that cancerous cells 
were extremely viscous and did not stratify at displacement force 
400,000 times as large as gravity . 
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Whatever the types of cells that seem to remain or become the 
end products of carcinoma are really beside the point in this paper. 
The fact remains that the morphological changes of cells due to 
cancer lend themselves to classification into two types of vastly 
different characteristics. The one is a cell with an enormous 
hollow, spherical nucleus containing a nucleolus of unusually 
darkly stained granu1ated material and cytoplasm drawn closely to 
the nucleus so that the line of demarcation between the two is 
hardly discernable, an:i the like of which has no histological 
parallel. 
The other type of cells is similar to the cells found in 
reticular tissue. Whether some of the cells were actually converted 
into reticular tissue it is not possible to state with definite 
proof. That they might be is evidenced only by the enormous numbers 
of prominent fibrous tissues. Since it is true that reticular tissue 
exists in practically all formations of tissues, it would seem that 
it too, would be in some manner effected by carci nogenic action. 
This does not seem to be the case. Rather it seemed that some of 
the other cells became reticular as a possible defense against 
carcinogenic action. 
CONCLUSION 
The results of this study can be summed up in the following 
conclusions: 
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1. Growth and differentiation are mutually antigonistic. The 
more highzy differentiated a cell becorres the more it loses 
its power for reproduction. 
2. Cells cultivated under artificial conditions have yielded 
very interesting and valuable information in the study of 
growth. Most of the basic properties of t he cell have 
been studied by this method. 
3. Cancer has been induced in the laboratory animals in various 
ways. Methylcholanthrene, a chemical carcinogen induces 
cancer in 100% of the cases. When cancer is induced in 
100% of the cases, the length of the latent period is a 
reciprocal measure of the carcinogenic activity of t he 
substance. Moreover, carcinogenic f actors are present in 
both cancer and non-cancer animals with almost equal 
frequency which accounts for the different latent periods 
of cancer induction. 
4. Mitotic division in cancer cells are numerous. In these 
cells, mitosis did not follow the orderly fashion of normal 
cell division and did not reproduce the tissue from which 
it grew. 
5. The nucleoplasm was the seat of the most conspicuous 
alterations. The malignant .nucleus was large, 
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h.,vperchromatic, with a coarse network that varied much in -
shape, and was generally excentric with the inorganic 
content much higher than that of normal cells. The most 
important single feature of the malignant cell was the 
nucleolus which was much larger in proportion to the 
nucleus of normal cells and was surrounded by a clear 
halo. 
6. Highly malignant cells showed a loss of cytoplasm. Of all 
the abnormal characteristics of cytoplasm in malignant cells 
the most unusual aspect was that of pseudopodia formations. 
7. Malignant tumors, if left untreated, alwa;y-s kill no matter 
where they may occur. The major changes in the cells 
restrain the cell from preforming its biological function. 
How these changes restrain the cell from preforming its 
biological function is beyond the scope of this study, 
but the fact remains that, in eny normal piece of tissue, 
the cells are of a certain size while after carcinomic 
action, the normal cells disappear and these gigantic 
cells appear in their place. 
,I 1'!:/J - ( 
Fig. 1. Mitotic figures in ordinary sections of normal 
tissue. (Diagramatic -- X 1000) 
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Fig. 2. Dark masses of chromatin represent cancerous 
mitosis. (X -- 1000) 
21 
Fig . J . Large hyperchromatic nucleus with coarse network. 
Shape varies extensivezy . Inorganic content is 
much higher than in normal cells. (X -- 1000) 
22 
Fig. 4. Nucleoplasm in various states of distribution and 
granulation . (X - - 1000) 
23 
Fig . 5. Chromatin material is aggregated in several clumps 
and the nucleoplasm appears hc'logenous. (X -- 1000) 
24 
25 
Fig. 6. Coarsely granulated chromatin material and particulate 
nucleoplasm in precipitated appearance. (X -- 1000) 
Fig. 7. Granulated nucleus forming a narrow band with the 
nucleoplasm either dispersed within this band or as 
vacuoles filled with particulate matter. (X -- 1000) 
26 
Fig. 8. - - Nuclei containing sharply outlined inclusions 
eccentrically placed and ligr~er and denser 
areas which are less dense t han the nucleoli. 
(X -- 1000) 
27 
Fig. 9. Nuclei containing vesicles which are either empty 
or filled with well formed inclusions. (X -- 1000) 
28 
Fig . 10 . Large nucleolus surrounded by a clear halo . 
(X - - 1000) 
29 
Fig. 11. Vaculated nucleolus gi.ves it an alvoelar appearance. 
(X - - 1000) 
30 
Fig. 12. Nucleolus pushed to one side of the nucleus band 
giving it a signet ring appearance. (X -- 1000) 
31 
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32 
Fig. 13 . Two distinct cytoplasmic zones. The central area 
may aggregate in an ovoid body near the nuclear 
band or it may assume a position &ound the nuclear 
band. (X -- 1000) For other pecularities see 
Figures 9, 10, 11. 
33 
Fig. 14. Protoplasmic masses that probably were pseudopodia 
in younger cultures. (X -- 1000) 
BIBLIOGRAPHY 
Allard, Claude, "Mitochondrial Population of Mammalian Cells," 
Journal of Cancer Research, 12:580-583, August, 1952. 
Bensley, R. R., 11 The Preparation and Properties of Mitochondrea, 11 
Anatomical Record, 60:449-458, June, 1934. 
Boyd, William, 11 Growth, 11 Canadian Medical Association Journal, 
31:124-143, April, 1934. 





11 Tissue Growth", 
September, 1926. 
Journal of Expermental Medicine, 
Carrel, Alexis, and Albert H. Ebeling, "Growth of the Fibroblast 
and the Macrophage in Tissue Culture", Journal of Experimental 
Medicine, 44:268-285, September, 1926. -
Copeland, H. D., 11 Carcinoma of the Liver", The .American Journal of 
Pathology, 22:1059-1067, September, 1946. 
Cramer, W., trThe Quantitative Evaluation of Experimental Skin 
Carcinogens by Methylcholanthrene 11 , Journal of Cancer Research, 
3:668-670, October, 1943. -
Cramer, W., and R. E. Stowell, 11 The Factors Involved in Carcinogenic 
Response", Journal of Cancer Research, 3:671-681, October, 1943. 
Davson, H., and J. F. Danielli, The Permeability of Natural Membranes. 
New York: The Macmillan Co., 1943. 245 PP• 
Drew, Charles R., 11 The Influence of Environment in Tissue Culture", 




"Cytology of Cancer," 
September, 1935. 
.Anerican Journal of Cancer, 
Fiester, L. E., 11 Carcinomic Activity, Structure, and Chemical 
Reactivity of Polymuclear .Aromatic Hydrocarbons," .American 
Journal of Cancer, 34:37-124, September, 1938. 
35 
Guyer, M. F., and P. E. Clause, 11 Increased Viscosity of Cells of 
Induced Tumor," Journal of Cancer Research, 2:16-18, January, 
1942. 
Harrison, Ross G., 11 0bservations on the Living Developing Nerve 
Fiber, 11 Proceeding of the Society of Experimental Biology and 
Medicine, 4:140-173, January, 1907. 
Kinsely, M. H.,, 11A Method of Illuminating Living Structures for 
Microscopic Study, 11 .Anatomic al Record, 64 :499-518, March, 
1936. 
MacCarty, William C., 11 Cytology of Cancer," Journal of Cancer 
Research, 13:167-183, March, 1929. 
Martland, E. J., 11Affects of Irradiation on Cancer, 11 .American 
Journal of Cancer, 15:2435-2453, September, 1931. 
Maxi.mow, Alexander A., and William Bloom, !:: Text-Book of Histology, 
Philadelphia and London: W. B. Saunders Company, 1950. 700 pp. 
Robbins, Wilfred W., 
To Plant Science, 
IiffO .pp. 
and T. Elliot Weier, Botany, An Introduction 
New York: John Wiley and Sons,Inc., 1950. 
Scott, S. L., "Radio-Sensitivity and Inorganic Ash Content," 
American Journal of Pathology, 8:329-342, January, 1932. 
Smith, Lorrain, Growth. Edinburgh: The Edinburgh Publishing 
Company, 1932. 368 pp. 
Steiner, Paul E., 11 .An Evaluation of the C:::ncer Problem," Journal 
of Cancer Research, 12:455-465, July, 1952. 
Strangewczy-s, E. F., 
Differentiation, 
Tissue Culture in Relation to Growth and 
Cambridge: TheCambridge Press, 1924~78 pp. 
Tenenbaum, E., and L. Doljanski, "Cellular Composition of Pure 
Culture of Rous Sarcoma Cells," Journal of Cancer Research, 
2:776-i86, November, 1942. 
